Cell surface electron microscopy concanavalin A m e m b r a n e fluidity cystic fibrosis skin fibroblasts washed for 5 min three times in PBS and reacted with Con A ~o n c a n a v a l i n A (Con A ) binding sites were visualized ultra-(Miles Yeda, three times crystallized) in concentrations varying structurally in the cultured fibroblasts from cystic fibrosis pafrom 4-800 pglml PBS for different periods of time at room tients, obligatory heterozygotes, and normal individuals by Per-temperature. ~h~~ were washed in PBS again and coupled with oxidase labeling technique. Con A binding sites were localized as horseradish peroxidase (Po) (sigma, type "I), 100 pg/ml PBS, a continuous layer on the external side of the plasma membrane for 30 =60 min at room temperature (7). some samples were in fmed fibroblasts of the three genotypes. In living cells, Con A treated routinely with Con A , 5 0 pg/ml, for 45 min and PO, 100 induces both lateral and vertical movements of binding sites as pglml, for 45 min as standard techniques. ~h~ cells were washed expressed by cap formation and internalization of the plasma in PBS and fixed again in glutaraldehyde for 30 min. They were membrane. Fibroblasts of the three genotypes responded then washed in 0.05 M Tris-HC1 buffer, pH 7.6, and incubated larly t o Con A treatment and failed to show significant detecta-in 3t,3-diaminobenzidine ( D~~) , 0.5 mg,ml, in 0.05 M ~~i~ ble differences.
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HCI buffer, pH 7.6, at 37O for the demonstration of Po activity in Speculation the presence of hydrogen peroxide (22) . The coverslips with monolayer cells were rinsed with distilled water and postfixed in The mannose-like residues in the carbohydrate moiety of the 1 % Os0,'in PBS, dehydrated in ethanol, and embedded in plasma membrane glycoprotein d o not vary significantly among Spurr low viscosity embedding medium (35) in flat embedding fibroblasts from cystic fibrosis (CF) patients, C F carriers, and molds. Embedded monolayer cells were separated from the normal individuals.
coverglasses by dipping in liquid nitrogen. Desirable cells from Epon blocks were selected with the light microscope and cystic fibrosis, one of the common caucasian genetic disormounted on blank Epon blocks for sectioning. Thin sections ders, is characterized by a generalized dysfunction of the exo-were Cut with a diamond knife on an LKB ultramicrotome. trine glands and involves mucin abnormalities. ~l~h~~~h multi-Unstained sections and sections stained with lead citrate were disciplinary research of this disease has been carried out in this viewed by Philips 300 and 201 electron microscopes. In addiinstitution and elsewhere (4, 5 , 8 , 11-14, 25 , 271, the basic tion, the human fibroblasts from scar tissue biopsy were frozendefect of this hereditary disease has not been clarified. There is at 20-40 Pm and to A increasing evidence that one aspect of the disease process in-coupling. Experiments were conducted to increase the pcrmeavalved altered function o f the plasma membrane (2-4, 16, 19, b i l i t~ of the membrane to Con A by the following methods: ( I ) 25, 26, 33) . N~ report, however, has appeared in the past prolonged fixation by a different fixative (1 % paraformaldehyde concerning the distribution of lectin binding sites at the cell plus 3% glutaraldehyde for hr), ( 2 ) prolonged A surface o r the effects of lectins on C F fibroblasts. Therefore, this exPosure l 6 h r * ( 3 ) freezing and thawing the fixed study was conducted using Con A as a molecular probe for the with prolonged Con A exposure, ( 4 ) trypsinization o f the cells mannose-like sugar residues (20) on the plasma membrane.
with freezing and thawing, and (5) 10% dimethylsulfoxide washing for 48 hr before Con A treatment. Some of the proce-
dures are listed in Table 1 .
CELL CULTURES LIVING FIBROBLASTS
The fibroblast cell lines were established from skin biopsies of ~a t i e n t s with clinically proven CF, obligatory C F carriers, and
Monolayer fibroblasts on coverglasses were washed gently in normal individuals. The cells were grown as a monolayer on PBS to remove culture media. ~h~~ were immersed in PBS for Tenonetreated coverslips in Ham's F-10 medium treatment with various concentrations of Con A (50-100 pg) for mented with 10% fetal calf serum. The details of the culture different periods of time at 40, for 5 min three times with technique have been described previously (9) . Three genotypicold PBS, then coupled with Po-PBS, 100 mglml, for 3 0 min at cally different fibroblasts were always matched for subculture 40. t hi^ was the standard con A -P~ p,fter the con Anumber, culture hours, and growth conditions for this study. po treatment, the living cells were washed in PBS (40) , then Cells of both exponential and plateau growth phase were used. incubated in PBS at 370 for varying periods of time u p to 3 hr. The warm incubation was terminated by fixation with 2 % glutar- FIXED FIBROBLASTS aldehyde in PBS for 3 0 min. They were then washed again, Monolayer cells on coverslips were washed gently in Dulreacted with DAB, postfixed with osmium, and finally processed becco's phosphate-buffered saline (PBS) and fixed in situ in cold for electron microscopy.
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CONTROL EXPERIMENTS
As a cytochemical control, fixed and unfixed cells were either treated with Po and DAB or with DAB only. Specificity of Con A binding was checked by immersing the fixcd and unfixed cells in PBS containing 0.25 M a-methyl-D-mannoside followed by Con A treatment in the presence of a similar concentration of the sugar. In addition, some Con A-Po-labeled living cells were incubated for up to 3 hr at 37' in PBS containing metabolic inhibitors. Phagocytotic activity was studied by incubating the untreated cells in Po PBS-solution, 100 pg/ml, at 37'.
RESULTS

CON A BINDING SITES IN FIXED FIBROBLASTS
Four to five cell lines of fibroblasts from C F homozygotes (CF), C F heterozygotes (H), and normal individuals (Con) at exponential phase or plateau phase of growth were studied. The cell lines and subculture numbers and expcrimental conditions wcre listed in Table 1 .
Reaction products, indicative of Con A binding sites or mannose-like sugar residues, were always seen as a continuous coat of 300-500 A thickness at the external surface of the plasma membrane ( Figs. 1 and 2 ). Pinocytic vesicles were strongly stained ( Fig. 1 ). Some multivesicular bodies showed positive reaction (Figs. 1 and 3). Concentrations of Con A from 4-800 pglml were tested. Reactions were weak at 4 p g Con A , whereas Con A above 40 pg/ml gave consistent results. Therefore, 50 pg/ml was the standard concentration employed for this study. Omission of Con A resulted in the complete disappearance of staining. The cells subjected to DAB reaction showed a positive staining only in microbodies because of endogenous catalase activity. a-Methyl-D-mannoside completely inhibited Con A binding (Fig. 4) .
Although there was positive staining of some multivesicular bodies (Figs. 1 and 3), other organelles as well as the cytomembranes of smooth and rough endoplasmic reticulum, nuclear envelope, and Golgi apparatus wcre all unreactive. All experimental manipulations as those mentioned previously in "Matcrials and Methods" failed to alter the permeability of these cytomembranes which remained unstained. Even bisected fibroblasts at the cut surface of frozen sections failed to show any positive cytomcmbrane staining. The distribution of reaction products within the fibroblasts of the three genotypes was carefully compared. No significant differences, however, were found among the three genotypes of both exponential and plateau growth phase cells. Measurements of reaction product thickness at the cell surface were attempted on vertically re-embedded monolayer cells, but no conclusions could be made because of considerable regional differences.
CON A-INDUCED CELLULAR CHANGES IN LIVING FIBROBLASTS
Since the Con A-Po tcchnique did not show cytomembrane binding sites in fixcd cells, living fibroblasts were used for the following experiments.
Effecrs o f Tetnpernt~tre. Preliminary experiments showed that cellular changes occurred while the living cells were exposed to Con A and subsequently to Po at either 37" or room temperature. Many vesicles and vacuoles of positive DAB reaction were found in the cytoplasm at the completion of the Con A-Po labeling. In this condition, some plasma membranes have already been internalized during Con A treatment and therefore escape Po coupling. Since Con A may stimulate phagocytosis (18) , free Po could be phagocytosed during Po coupling; thus some Po-positive vesicles in the cytoplasm may represent nonspecific Po labeling. Therefore, DAB-positive membranes and ., organelles might not necessarily represent internalized plasma membrane when Con A-Po labeling was performed at elevated temperature.
The Con A treatment and Po coupling was carried out at 4'. Cells were washed at 4" then incubated either at 37" or 4" in PBS for varying periods of time. The Con A-Po-labeled living cells without subsequent warm incubation consistently revealed a stretched, slender cell shape and the external side of the plasma membrane was continuously DAB positive for up to 3 hr of cold incubation. Pinocytic vesicles were also positive, but there was no cytoplasmic staining. The cold Con A-Po procedure enabled all portions of plasma membranes to be labeled without changing the cell shape. Therefore, we employed cold labeling tcchnique as our standard procedure.
Metnbratle Itrrertrnlizntiot~ atltl Cnp Forttlntiot~. The Con Atreated cells incubated at 37' revealed conspicuous morphologic alterations accompanied by redistribution of binding sites. The cells would round up with most slender microvilli and pinocytic vesicles disappearing. Cytoplasmic vesicles and vacuoles of various sizes and shapes labeled with positive DAB reaction products were also present (Figs. 5-7 ). This clearly indicated that these positive vesicles and vacuoles were internalized plasma membrane. The vesicles and vacuoles tended to form clusters (Fig. 5) close to the Golgi apparatus (Fig. 6 ). In cells with longer incubation (60 min or more), foci of conspicuous indentation and protrusion of positively stained plasma membranes were observed (Fig. 7) . These foci appeared to be cap formations caused by lateral movement of the receptor sites. The caps became larger with longer incubation. The staining of other portions of cell surface occasionally became spotty o r patchy (Fig. S) , although staining persisted and was continuous in most of the cells, even after 3 hr of incubation (Fig. 7) . In these cells, internalized membrane and invaginatcd parts of the plasma membrane showed a stronger reaction, indicating that Con A binding sites were moved laterally and vertically. A strong reaction was noticed on the cell surface where cells were in contact. Omission of Con A treatment and addition of a-methyl-D-mannoside resulted in the complete loss of both staining and cellular changes. The cellular response was abolished when the living cells were Con A-Po treated and incubated in warm PBS containing either 50 mM sodium azide or 10 mM dinitrophenol. Plasma membrane staining, however, persisted. The phagocytosis of Po by untreated fibroblasts was negligible because the cells seldom showed any positive phagosomes after 3 hr of incubation in warm Po solution.
Cot~zparisotl of Tlzree Getlotype Fibroblasts. Six different fibroblast lines from CF, four lines from heterozygotes, and five lines from normal individuals were repeatedly studied in both exponential and plateau phase of cell growth. Cellular responses to Con A such as cap formation, membrane internalization, and persistence of stronger staining at the region of cell contact were essentially the same aniong the three genotype fibroblasts.
DISCUSSION
The present study has demonstrated positive Con A binding sites (receptors) on the cell surface of cultured human fibroblasts from C F patients, C F heterozygotes, and normal individuals by the Con A-Po technique originally developed by Bernard and Avrameas (7). Since Con A binds specifically with a-D-mannopyranose o r a-D-glucopyranose sugar residues (20) , it has been used as a molecular probe for the surface sugar residues. The positive staining at the cell surface and inhibition by cr-methyl-Dmannoside clearly indicates the presence of niannose-like sugar residues on the cell surface of human cultured fibroblasts. The Con A binding sites were also detected by ferritin labeling technique (37) . The results are in agreement with those of previous investigators using the Po and ferritin labeling technique on various other types of cultured cells (7, 17, 24, 28) .
Why most cytomembranes stained negatively is not clear. The Con A-Po technique showed some positive multivesicular bodies in fixed cells. Thus, inability of Con A to penetrate cytomembrane can be ruled out. Attenipts to increase the permeability of Con A by freezing and thawing, dimethylsulfoxide washing as well as prolonged Con A exposure failed to achieve positive staining. Moreover, the it1 vivo fibroblasts in scar tissue did not show citomembrane staining, although positive Con A-Po staining in cvtomembrane of rat cerebellar Purkinie cells (36) and in turbular-epithelial cells of mouse kidney (38) has bee; reported. Lack of staining does not necessarily indicate the complete absence of binding sites at the cytomembranes. The binding sites may be present but are soniehow masked. This assumption seems plausible. First, the presence of Con A binding sites at the cisternal side of the granular endoplasmic reticulum membrane was demonstrated by Hirano et ol. (23) with the ferritin labcling technique in homogenates of cultured myeloma cells. Second, positive and negative cytomembranes were always intermingled in both Purkinje cells (36) and renal tubule cells (38) , indicating either masking or regional differences of surface sugar residues.
The time course of Con A-induced cellular changes was characterized by the successful Con A and Po labeling of cell surface at low temperature. Cold Con A-Po labeling showed continuous positive staining at whole cell surface without membrane movement. Therefore, cold Con A-Po labeling with subsequent warn1 incubation made it possible to trace the movement of plasma Figures 5-7 show unfixed fibroblasts which are concanavalin A-horseradish peroxidase labeled at low temperature followed by another incubation. Fig. 5 . A fibroblast of CF34 line in plateau growth phase is concanavalin A-horseradish peroxidase-labeled in cold but incubated at 37". The clusters of positively stained vesicles of various sizes and shapes in the cytoplasm indicate the internalized plasma membrane. Note that internalized membrane has stronger staining than the cell surface which may show scanty or patchy staining. Magnification, X 25.000. membrane. The fibroblasts labeled by Con A-Po at low temperature showed marked "cap" formation and membrane internalization after warm incubation. Ultrastructurally, cap formation was demonstrated by the presence of an area of infoldings, protrusions, and invaginations of the plasma membrane. The plasma membrane of this region was strongly stained by Con APo and corresponded to the foci of cap formation seen in light microscopy. The rest of the cell surface stained weakly and sometimes spottily. These changes occur as a result of lateral movement and aggregation of binding sites induced by Con A as proposed in the fluid mosaic model of biologic membranes (34) . Results of the present study showed definitely that the nontransformed fibroblasts produced caps after Con A treatment, in contrast to negative data reported by others (31) . The mobility of binding sites, however, was significantly slower in normal human fibroblasts that in SV40-transformed C F cells (37) . as has been demonstrated on various transformed cells (6, 24, 28, 31, 32) .
After warm incubation, the Con A-Po-labeled fibroblasts showed a cluster of vesicles and vacuoles of various sizes and shapes in the cytoplasm. Since these vesicles and vacuoles were heavily stained, it is reasonable to assume that they represented plasma membrane internalized by the action of Con A . Phagocytosis of free Po can be excluded because free Po was thoroughly washed out after coupling, and the incubation medium did not contain Po. Furthermore, incubation of untreated fibroblasts in warm Po solution resulted in very few positive phagosomes in the cytoplasm. The internalization indicates vertical movements of the membrane components according to the concepts of current membrane niodels (34) . Plasma membranes are known to be internalized by various kinds of ligands ( I . 10. 29) and were found in Golgi regions in some types of cells. suggesting membrane recycling (2 1).
Fixed fibroblasts of the thrce genotypes showed the same distribution of Con A binding sites. Live cells responded similarly to Con A treatment. The lack of demonstrable differences of receptor mobility in the menibrane of the three fibroblast genotypes could not be attributed to technical liniitations because increased membrane fluidity has been demonstrated in various transformed cells by this technique (24. 28.32) . Rather. it is more likely that the three fibroblast genotypes have the same distribution of binding sites and the same receptor niobility as far as Con A is concerned. The absence of detectable differences in mannose-like sugar residues on the cell surface among the thrce fibroblast genotypes appears to be in agreement with previous reports which indicated an unaltered membrane transport of glucose. amino acid ( 5 . 19). normal membrane enzymes (30) . and protein composition of the plasma membrane (2, 16) in C F cells.
C O N C L U S I O N
Mannose-like sugar residues in the carbohydrate moieties of the fibroblast cell surface were visualized cytochemically using Con A as a molecular probe and Po as a marker. In the fixed cells, the staining indicative of Con A binding sites was localized continuously on the external side of the plasma membrane. No difference was found among the three genotypes of cultured fibroblasts from C F patients, C F heterozygotes, and normal individuals. In living fibroblasts, Con A induced cap formation and internalization of plasma membrane. The movement of p l a s m a r n c r n b r a n c w a s succcssfully t r a c e d b y C o n A-Po l a b c l i n g technique. There was no detectable difference in the mobility of Con A binding sites among three fibroblast genotypes.
